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ABSTRACT 
 
 
The design of balcony has been incorporated into the design of high-rise 
residential buildings, but has not been well considered in commercial high-rise 
buildings such as a high-rise office building except for the bioclimatic high-rise 
buildings. Balcony, which  is referred to as an efficient wind box, functions as a 
thermal control element in buildings by minimizing heat gain into the interior spaces, 
thus reducing the amount of energy used for cooling load in buildings. This research 
aims at investigating the effect of balcony on the thermal performance of the interior 
spaces of high-rise office building. Balcony with the depth of 1m, 1.5m, 2m, and 
2.5m were investigated on the 1st, 15th, 25th and 40th floor level at the north, south, 
west and east orientation of high-rise office building. Cap Square high-rise office 
building which is situated in the tropical city of Kuala Lumpur was used as a case 
model.  A computer simulation software (Ecotect) was used for the evaluation of the 
indoor air temperature of the high-rise office with and without the balcony. The 
investigation was observed during the office hours from 9am to 6pm on the 22nd of 
March, 22nd of June, 22nd of September and 22nd of December. The result revealed 
that, on the 22nd of March and the 22nd of June, the maximum reduction of 1.83⁰C 
and 1.75⁰C (respectively) was recorded on the 1st floor level at the west orientation 
with the balcony of 2.5m, while on the 22nd of September and the 22nd of December, 
the maximum reduction of 0.31⁰C was recorded on the 40th floor level at the west 
orientation with the balcony of 2.5m when the indoor air temperature of the high-rise 
office buildings with and without the balcony were compared.  This study further 
revealed that, the balcony with the depth of 2.5m is recommended for the 1st, 15th and 
25th floor level on the west, north and east orientation, while the balcony of either 
2.0m or 2.5m is recommended for the 40th floor level on the south, west and east 
orientation of high-rise office building.  
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ABSTRAK 
Reka bentuk serambi telah digabungkan ke dalam reka bentuk bangunan 
tinggi kediaman tetapi masih belum dipertimbangkan ke atas bangunan tinggi 
komersial seperti bangunan tinggi pejabat kecuali pada bangunan bioiklim tinggi. 
Serambi, seringkali disamakan sebagai kotak angin yang cekap berfungsi sebagai 
elemen kawalan haba dalam bangunan dengan meminimumkan penyerapan haba ke 
dalam ruang dalaman, sehingga, dapat mengurangkan jumlah tenaga yang akan 
digunakan untuk penyejukan bahagian dalaman bangunan. Kajian ini bertujuan untuk 
menyiasat kesan serambi terhadap prestasi haba daripada ruang bahagian dalaman 
bangunan tinggi pejabat. Serambi dengan kedalaman 1m, 1.5m, 2m, 2.5m telah 
disiasat pada tingkat satu, tingkat 15, tingkat 25 dan tingkat 40 di bahagian utara, 
selatan, barat dan timur bangunan tinggi pejabat. Bangunan tinggi pejabat ‘Cap 
Square’ yang terletak di bandar tropika Kuala Lumpur telah digunakan sebagai 
model kes kajian. Perisian simulasi komputer (Ecotect) telah digunakan bagi menilai 
suhu udara di bahagian dalaman bangunan tinggi pejabat dengan serambi dan tanpa 
serambi. Siasatan telah dilakukan dan diperhatikan ketika waktu pejabat antara jam 
9:00 pagi hingga 6:00 petang pada 22 Mac, 22 Jun, 22 September dan 22 Disember. 
Hasilnya menunjukkan bahawa pada 22 Mac dan 22 Jun, penurunan maksimum  
sebanyak 1.83⁰C dan 1.75⁰C tercatat pada tingkat satu di bahagian timur, manakala 
pada 22 September dan 22 Disember, penurunan maksimum sebanyak  0.31⁰C 
direkod pada tingkat 40 di bahagian barat dengan serambi pada kedalaman 2.5m 
ketika udara dalaman bangunan tinggi pejabat dengan serambi dan tanpa serambi 
dibandingkan.  Kajian ini mendedahkan bahawa, serambi dengan kedalaman 2.5m 
disyorkan bagi tingkat satu, tingkat 15 dan tingkat 25 di bahagian barat, utara dan 
timur, manakala serambi dengan kedalaman 2.0m atau 2.5m disyorkan bagi tingkat 
40 di bahagian selatan, barat dan timur bangunan tinggi pejabat. 
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CHAPTER 1 
 
 
 
INTRODUCTION 
 
 
 
1.1 Introduction 
 
Over the past decade, the architecture style in Malaysia had experienced a 
rapid transformation, which occurred as a result of rapid economic growth and 
industrialization in the country. The rapid growth had led to a rapid development 
which resulted in the transformation of the traditional and colonial buildings (which 
are virtually an eclectic architectural style) into a more creative and innovative 
architectural style which gave rise to the establishment of high-rise buildings in most 
of the vibrant cities in Malaysia. The erection of high-rise buildings have put 
Malaysia in the forefront of the developing countries as it symbolizes a fast growing 
economy and a sign of progress. Today, high-rise buildings in Malaysia serve the 
purposes of residential and commercial buildings. High-rise building is defined by 
Curl (2006) as a tall structure, which comprises of many floors. Emporis (2012) 
further defines high-rise as a building with at least a minimum of 12 floors and a 
maximum of 39 floors or a multi-story building within 35 to 100 meter. The Federal 
Emergency Management city of Chicago defined high-rise building as an existing 
structure, which consists of four different categories which are; high-rise buildings 
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over 780ft (288m) above the ground, 540ft (165m) above the ground, 275ft (84m) 
above ground and 80ft (24m) above ground. Thus, the researcher uses the definition 
by the Federal Emergency Management city of Chicago because it gives a clear 
variation of the possible height of high-rise buildings. 
 
As revealed by Seung Bok Leigh, Bae and Ryu (2004); Pyoung Jik Lee et al., 
(2007); Myung Jun Kim and Ha Geun (2007); Chan and Chow (2010), high-rise 
residential buildings have been incorporated with the design of balcony, an important 
element of the Malay traditional house that has been incorporated into the design of 
the residential high-rise building in the tropical climate of Malaysia, (Ismail, 2007), 
but has not been incorporated into the design of conventional commercial buildings 
(such as the high-rise office buildings) except for the bio-climatic high-rise office 
buildings such as Menara Boustead (1987); Menara Mesiniage (1987-1992); IBM 
Plaza (1984-1987) and Menara UMNO (1996-1998) which was designed by the 
Malaysian architect, Ken Yeang. 
 
As revealed by Ismail, (2007), high-rise office buildings in the tropical region 
of Malaysia consist of two typologies, which are; the conventional and the 
bioclimatic high-rise office buildings. As mentioned by Joo-Hwa Bay and Boon-Lay 
Ong (2004), conventional high-rise office buildings are the buildings that are 
designed with an international style and are built in an emotive forms that have 
ignored all aspects of tropical context in terms of climate, environmental as well as 
human needs and have made a self-expression and self-reference of aesthetics as a 
priority in the design. As mentioned by Olgyay and Olgyay, (1963) and Ken Yeang 
(1991), bioclimatic high-rise buildings (office) are the built forms that are configured 
in relations to the meteorological climate data of the locality (tropical climate). 
 
Climatically, the approach of architectural design high-rise office building in 
the tropic is to achieve a sustainable design. The term sustainable design is defined 
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by Brundtland, (1987) as the means to meet the needs of the present without altering 
the ability to meet the needs of the future generations. Often sustainable design are 
mostly used interchangeably with green design, therefore, the United-States Green 
Building Council (2005) defined green design as the design and construction 
practices that significantly minimizes or eliminates the negative impact of buildings 
on the environment as well as the occupants. The sustainability concern in a tropical 
climate in the building industry is to design and build towards a more bioclimatic 
approach (Zakaria and Ismail, 2012). Bioclimatic design approach has been properly 
incorporated into low and medium rise buildings, but has not been well developed in 
high-rise buildings (such as office buildings) (Olgyay and Olgyay, 1963). Thus, in 
order to achieve a bioclimatic approach in high-rise office buildings, the sustainable 
issues of high-energy consumption must be addressed through passive strategies with 
the modification of the internal climate (Zakaria and Ismail, 2012).  
 
In the tropical climate of Malaysia, the daily temperature is always high 
mostly during the daytime with an average temperature which ranges between 29⁰C 
and 34⁰C (Samirah and Kannan, 1997a) and a high relative humidity which ranges 
between 70% to 90% throughout the year (Daghigh, Sopian, and Moshtagh, 2009). 
Thus, high-rise buildings are exposed to most intensity solar radiation and 
penetrations (Sadafi et al., 2011) which results in the use of air conditioner in order 
to regulate the thermal condition within the indoor spaces to a satisfactory level. This 
strategy (air conditioner) of regulating the indoor comfort has resulted into high 
consumption of energy for cooling loads. Therefore, in order to derive an alternative 
strategy for controlling the thermal performance within the indoor spaces of high-rise 
office building, an element, which can maximize the effect of a thermal mass in such 
a way that it minimizes the indoor temperature, is needed. Therefore, a balcony, 
which is one of the elements of a sustainable approach (bioclimatic) in high-rise 
building (Ken Yeang, 1991), is introduced to high-rise office building. 
 
4 
 
Balcony is refer to as an efficient wind box which functions as a thermal 
control element in building by preventing heat gain into the interior spaces as well as 
maximizing the heat loss in a building (Ken Yeang, 1991). However, Oxford 
Dictionary (2000) defined a balcony as a platform enclosed by a wall with a 
balustrade or railing extending outside or inside the walls of a building. Mohsen and 
Oldham (1977); May (1979); Tzekakis (1983); Hammad and Gibbs (1983); 
Hothersall, Horoshenkov and Mercy (1996); Cheung, Chau and Ng (1997); Seung 
Bok Leigh, Bae and Ryu (2004); Pyoung Jik Lee et al. (2007); Myung Jun Kim and 
Ha Geun (2007); Chan and Chow (2010) have done research on how balcony can 
prevent traffic noise in high-rise residential building through the use of acoustic 
materials. Kwong Wing Chau and Siu Kei Wong (2004) and Cheung, Chau and Ng 
(1997) conducted research on how a balcony with a rectangular shape can add to the 
value of a residential apartment building. As mentioned by Seung Bok Leigh, Bae 
and Ryu (2004), balconies are categorized into 3 types, which are opened balcony, 
enclosed balcony and extended balcony. As revealed by Seung Bok Leigh, Bae and 
Ryu (2004), courtyard is one of the types of balcony categorized under an enclosed 
balcony; therefore, as mentioned by Zakaria and Ismail (2012), researches have been 
done with the use of rectangle shape of balcony in buildings. Elisabeth Gratia and 
Andre De Herde (2007), Zollner, Winter and Viskanta (2002), Till Pasquay (2004) 
and Hoseggen, Wachenfeldt and  Hanssen (2008) research on the passive cooling 
strategies in office building with a double skin façade, however, based on the review; 
there have not been much of researches done on high-rise office building with the 
balcony. Therefore, as revealed by Ken Yeang (1991) that, in order for high-rise 
office building in hot and humid climate to reduce the effect of high solar radiation in 
the interior spaces, a deep recess space such as balcony must be introduced in the 
exterior façade of high-rise office building. As further revealed by Ken Yeang 
(1991), balcony in an office building functions as an emergency evacuation, a 
flexible zone for planting and landscaping, a space that permit for the extension of an 
executive space and a semi- enclosed transitional space for the users’ of the building 
(office) to experience and enjoy the outside view of their external environment. 
Therefore, the research focuses on investigating the effect of a rectangular shaped 
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opened balcony on thermal performance in the interior spaces of the high-rise office 
building in a tropical climate. 
 
 
 
1.2 Problem Statement 
 
The sustainable issue, which is always highlighted in buildings, is the high 
consumption of energy (Zakaria and Ismail, 2012). Recent reports have shown that 
commercial high-rise buildings are one of the largest consumers of energy in tropical 
region. As revealed by Chirarattananon and Taweekun (2003), that the energy used 
in office buildings in Thailand consumed about 21% of the country's energy. As 
revealed by Yang, Joseph and Tsang (2008), the office buildings in China consume 
10 to 20 times the energy used by residential buildings.  
 
The Energy Commission in Malaysia (2007) also revealed that commercial 
buildings are the second largest user of the total energy consumed in the country 
after industry and transportation sector (as shown in Figure 1.1).  
 
Figure 1.1: Energy used by different sectors in Malaysia 
Source: Hussain, Nallagownden and Ibrahim (2011) 
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A study audit which was carried out by Saidur (2009) revealed that in office 
buildings, air conditioning consume about 57% of the main energy, followed by 
lighting which is 19%, lifts and pumps 18% and others 6% (as shown in Figure 1.2). 
The above review shows that, high-rise office building relies on the mechanical 
ventilation system (air conditioner) to create an artificial comfort in office buildings, 
thus, raising the cost of the cooling load of the users’ spaces in the office buildings. 
As revealed by Bunn (1993), a 1⁰C reduction in temperature is equivalent to a 10% 
decrease in energy consumption. Therefore, this research focuses on the techniques 
of reducing the indoor air temperature in high-rise office building in the tropical 
climate of Malaysia by investigating on the best orientation and the importance of 
balcony on high-rise office building. 
 
Figure 1.2: Energy usage in commercial buildings 
Source: Star publication (M) Bhd (2013) 
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1.3 Research Objectives 
 
 The primary intention of this study is to investigate the impact of balcony on 
high-rise office building. In order to know how effective the impact of balcony is on 
high-rise office, the indoor air temperature in the interior spaces of high-rise office 
building with and without the balcony was investigated on. The objectives are as 
follows: 
1. To investigate about the configurations of balconies on high-rise office 
buildings. 
2. To investigate the depth of balcony that influences the thermal performance 
at the 1st, 15th, 25th and 40th floor level of the high-rise office building. 
3. To investigate about the effect of balcony on the north, south, west and east 
orientation of the high-rise office building during the office hours (9am to 
6pm). 
 
 
 
1.4 Research Questions 
 
The research questions give the bases of the problems to be solved. The 
research questions are as follows: 
1. What are the configurations of balconies on high-rise office buildings?  
2. What are the depths of balconies that influence the thermal performance at 
the 1st, 15th, 25th and 40th floor level of the high-rise office building? 
3. What is the effect of balcony at the north, south, west and east orientation of 
the high-rise office building during the office hours (9am to 6pm)? 
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1.5  Scope and Limitation of Research 
  
The scope of the research focuses on high-rise office buildings in the tropical 
climatic of Malaysia. The scope of the research is limited to the golden triangle area 
in Kuala Lumpur because a lot of high-rise buildings are located within the area. A 
high-rise office building called the Cap Square tower, which is situated at Jalan 
Munshi Abdullah in Kuala Lumpur, was selected as a case model. Cap Square Tower 
was selected because it fulfills the criteria of a tropical high-rise building as 
mentioned by Ken Yeang (1994); Kannan (1991) and Mineki Hattori (1984) in terms 
of the building shape (rectangular) and the position of the core location in the 
building, which is at the central of the high-rise office building. The building is 
designed with a curtain wall at the 4 sides of the façade and the case model high-rise 
office building is without balcony, but with exterior light shelves. In order to 
investigate about the effect of balcony on high-rise office building, a 3D model of the 
case model of the high-rise office building was modeled into two types; which are; 
the model with the balcony and the model without the balcony. Based on the review 
of previous researches as such Li et al. (2003); Hossam El Dien and Woloszyn, 
(2004); Tang (2010); Myung Jun Kim and Ha Geun (2007); and Pyoung Jik Lee et 
al. (2007), a rectangular form of balcony have been widely used in high-rise 
buildings, therefore, a rectangular form of balcony is selected to be modeled on the 
façade of the 3D model of the high-rise office building with the balcony.  
 
  As mentioned earlier (in Section 1.1), there are various definitions to high-
rise building, therefore, the researcher stick with the definition as defined by The 
Federal Emergency Management city of Chicago, because of the classification of 
high-rise building into different heights which are; 80ft (24m), 275ft (84m), 540ft 
(165m) and 780ft (288m). Based on the design of the case model building with the 
floor to floor height of 4m (as specified in the building specification), the total height 
of the case model building is at 164m height, therefore, the height falls within the 
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range of 540ft (165m) as defined by The Federal Emergency Management city of 
Chicago. 
 
The floor level of the 3D model was classified into three parts according to 
the existing building specification of the case model high-rise office building, which 
are; the lower-rise (1-15 floor), medium-rise (16-25 floor) and high-rise (25-40 
floor). Therefore, based on the theory (as illustrated in Section 2.12) and 
classification of the floors levels of the case model building, 1st floor, 15th floor, 
25th floor and the 40th floor level were used for the investigation of the thermal 
performance within the office spaces. All the specifications of the case model high-
rise office buildings (Cap Square tower) were taken into consideration in configuring 
the 3D model. During the thermal calculation, the surrounding high-rise buildings 
were taken into consideration as well as the wind direction and the sun path 
directions (the weather of Kuala Lumpur, Malaysia). The thermal analysis were 
observed for four days in a year (22nd of March, 22nd of June, 22nd of September, and 
22nd of December) within the office hours (from 9am to 6pm). The 4 cardinal 
orientation, which are; east, west, north and south orientation were used for the 
investigation of the thermal performances within the office spaces in the high-rise 
office building with and without the balcony. 
 
Due to the fact that the case model building is a sealed building (as illustrated 
Section 5.1.4 in the building specification, Appendix B) and depend totally on 
mechanical mode of ventilation, the interior spaces of the 3D model of the high-rise 
office building with and without the balcony were also sealed without the use of any 
mode of ventilation system or mechanism in order to investigate about the thermal 
performance (indoor air temperature) in the office spaces. Furthermore, the internal 
design condition, occupancy rate, operational schedule, internal gains and infiltration 
rate were kept constant throughout the thermal analysis calculations (all value 
inputted as the constant variable were obtained from the building specification in 
Appendix B).  
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The investigation of this research are totally based on the use of computer 
simulation software called Ecotect Analysis (2011), therefore the use of any manual 
device or manual experiment was not involved in the research as all the readings and 
the results obtained are from a computer simulation energy software.  
  
 
 
1.6 Expected Contribution 
 
As mentioned by Mohamed, Prasad and Tahir (2008), in the architectural 
perspective, the use of balcony in buildings contributes to the shape and articulation 
of the building, therefore, with the consideration of different design approaches, 
balconies could contribute to the functionality of a building as a great architectural 
element. Different research studies such as Mohsen and Oldham (1977); May (1979); 
and Li et al. (2003) had revealed how the presence of balcony have reduced noise 
from road traffic with the use of an acoustic material for the configuration of the 
balcony. Another research study by Chan and Chow (2010) revealed how the 
presence of balcony in a building can substantially reduce energy consumption due 
to the shading effect. Suzuki et al. (2001) also revealed how the presence of balcony 
on the façade of high-rise building (residential and commercial) can prevent the wide 
spread of fire in the building. Therefore, this present study investigates on how the 
presence of balcony on high-rise office building in the tropic affects the thermal 
performance (indoor air temperature) within the office spaces. 
 
 
 
 
11 
 
1.7  Significance of Research 
  
 The significance of the research focuses on the importance of a sustainable 
element (such as balcony) on high-rise office building. The benefit of dealing with 
sustainability is distributed in term of environmental, economic, health and safety 
and community benefit (United-States Green Building Council, 2005). Therefore, 
this research will enlighten or educate the designers, builders as well as the building 
occupants or users on the importance of balcony on high-rise office building. As 
shown in Figure 1.3, the presence of balcony on high-rise office building will 
improve thermal performance by preventing heat gain and maximize heat loss in the 
interior spaces of the office building. In terms of safety, the presence of balcony on 
high-rise office building façade will prevent the wide spread of fire to the upper 
floors of the high-rise office building in case of a fire outbreak in the interior spaces. 
Furthermore, this study will educate the designer, builder and the users of the 
building on how the use of balcony on high-rise office building can reduce energy 
conservation by reducing the amount of cooling load used in the high-rise office 
building. 
 
 
 
 
 
 
 
 
Figure 1.3: The significance of a balcony on the forms of high-rise office building 
 
Thermal 
Performance 
Importance of balcony 
on high-rise office 
building 
Minimize heat gain as well 
as Maximize heat loss in the 
interior spaces                                                   
Prevent the wide spread of 
fire to other floors in high-
rise building. 
Safety  
Reduce energy 
consumption 
Reduce the cost of cooling 
loads which result in a less 
electricity consumption 
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1.8 Chapter Outlines 
  
Chapter 1: Introduction 
 
 The Chapter consists of the background of problem, problem statements, 
research objectives, research questions, scope and limitations of the research, 
expected contributions, significance of the research and Chapters outlines. 
 
Chapter 2: Literature Review 
 
 This Chapter reviews the theory of the climate in Malaysia, and the climate of 
the study area, which is Kuala Lumpur, solar radiation in Malaysia, air temperature, 
sky condition in Malaysia and solar geometry. The Chapter further reviews the forms 
or shapes and features that are present in the high-rise building design and built in a 
tropical climate like Malaysia. This Chapter also discusses about the review of 
previous researches done on thermal performance of buildings in the tropical climate, 
therefore, the gaps of the research was properly defined based on the previous 
research review. 
  
Chapter 3: Research Methodology 
 
 This Chapter discusses the methodology used for evaluating the indoor air 
temperature in the office space of the high-rise office building with and without a 
balcony. This Chapter justifies the development of basic model of the office building 
as well as the experimental procedures, experimental requirements, limitations and 
the overall stage by stage procedure of the experimental methods. 
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Chapter 4: Result and Analysis 
 
 This Chapter discusses the analysis derived from the simulation. The analysis 
gives the result of the simulation, which is based on the research questions. The 
analysis that will be observe during the simulation process are listed below: 
a. The impact of the variation of balcony on the indoor air temperature of the 
high-rise office building at the north, south, west and east orientation. 
b. The result of the variation of balcony at different height (floor levels) of the 
high-rise office building with the balcony. 
c. The comparison between the indoor air temperature at the north, south, west 
and east orientation of the high-rise office building (with and without the 
balcony), at the investigated floor levels. 
 
 
Chapter 5: Conclusion and Recommendation 
 
 This Chapter discusses the conclusions, which are derived from the results. In 
this Chapter, recommendations are given on the suitable variations of balcony and 
the best orientation which balcony should be located on the forms or façade of high-
rise office building. Furthermore, future researches related to the area of study are 
recommended.   
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